Introduction {#sec1-1}
============

Currently, various implant procedures are considered as the method of choice for replacing missing teeth. Dental implants spread among dentist all over the world since they could restore the functional and esthetic needs much more satisfying than previous prosthodontics measures.\[[@ref1]\] On the other hand, placing a successful implant is a great challenge for dental clinicians. One of the most critical factors determining the success of any dental implant treatment is the receiving bone status.\[[@ref2]\] Quantity of bone and its shape provide necessary space for implant fixture. Quality of bone will determine the future stability and osseointegration success. Maxillary anterior teeth are of outmost esthetically important teeth. They are also very vulnerable to trauma especially in childhood.\[[@ref3]\] Replacing these teeth is a challenge for dentists; therefore, repairing function, esthetic and phonetics must all be considered and satisfied.\[[@ref3]\] Esthetic outcome is considered as an essential factor in implant dentistry and it could even surpass the functional aspects of the dental implant therapy in the anterior of maxilla.\[[@ref4]\] Location and angel of implant would affect all these aspects.\[[@ref5]-[@ref7]\] A safe distance between critical anatomical landmarks and dental implant is also necessary for a successful and stable implant treatment. The nasopalatine canal (NPC) is a bony connection between the nasal and oral cavities and contains relative neurovascular bundle. The inferior (oral) end of the NPC is a circular opening called incisive foramen behind the maxillary central incisors.\[[@ref8]-[@ref11]\] The superior (nasal) end of the canal usually bifurcates into foramens of Stensen.\[[@ref9]\] As a normal variation, the NPC may be split into any number of canaliculi by a complete or incomplete bony septum.\[[@ref10]-[@ref11]\]

According to Jacobs *et al*.,\[[@ref12]\] surgical interventions in NPC area have been increased significantly. Awareness about the anatomical variations of the NPC is fundamental for avoiding neurovascular bundles damage.\[[@ref8]-[@ref9],[@ref13]-[@ref17]\]

To avoid injury to the nerve and vessel within the canal and its subsequent complications such as hemorrhage and sensory dysfunction, dental implants must be placed at an adequate distance from NPC.\[[@ref12],[@ref18]\] In addition to sensory dysfunction, neural tissue violation may result in failure of osseointegration.\[[@ref19]-[@ref20]\] Meanwhile, cone beam computed tomography (CBCT) could provide thorough three-dimensional information regarding shape, location and dimensions of NPC and its relative variations if present.\[[@ref18],[@ref21]-[@ref24]\] This information is necessary for avoiding the complications during and after dental-implant surgery.\[[@ref25]\]

Rapid development and widespread use of CBCT in last decade provides valuable 3D information that has encouraged researchers to study anatomical variations of different maxillofacial structures, including incisive canal.\[[@ref14]-[@ref15],[@ref18],[@ref22]-[@ref24]\]

The aim of this study was to evaluate the morphology, dimensions and variations of NPC in CBCT images of dentulous adult patients. Buccal bone plate dimensions and the effects of sex and age on aforementioned items were also investigated.

Materials and Method {#sec1-2}
====================

After receiving approval from Ethical Committee, the patients referred to a private Dentomaxillofacial radiology clinic for pre-implant CBCT evaluation were asked to participate in this cross sectional study. Four hundred and thirty patients enrolled in whom 301 patients (161 females, 140 males) met the exclusion- inclusion criteria. The inclusion criteria were the age ≥18 years and having both maxillary central incisors. Presence of impacted teeth, radiolucent or radiopaque lesion, bone grafts or any bony surgical intervention in the anatomical area of interest, suspected NPC pathology, cleft plate and related syndromes as well as history of orthodontic treatment were considered as exclusion criteria. Written informed consent was obtained from all participants.

All the CBCT images were obtained in standard resolution mode (voxel size of 0.3mm) using NewTom VGi scanner (QR srl; Verona, Italy, kVp=110, and exposure time of 3.6 s) with FOV 8×8cm, or 8×12cm. Coronal and sagittal cross sections were prepared with 1mm thickness at an interval of 0.5mm. The images were observed by a trained senior student of dentistry under direct supervision of an experienced maxillofacial radiologist in standard viewing conditions. Both NPC dimensions and anatomy were assessed. The measurements were made for dimensions of the NPC canal in mm using the reformatted sagittal CBCT cross sections as K1 (diameter of nasal opening of the canal) K2 (diameter of oral opening of the canal), K3 (length of the canal; maximum vertical distance between the nasal and oral opening), K4 (width of the buccal bone plate over the oral opening) and K5 (width of the buccal bone plate over the nasal opening). ([Figure 1](#JDS-18-244-g001.tif){ref-type="fig"})

![Measured dimensions on reformatted sagittal cross section, K1: diameter of nasal opening of NPC, K2: diameter of oral opening of NPC, K3: length of NPC, K4: buccal bone plate width over the NPC oral opening, K5: buccal bone plate width over the NPC nasal opening](JDS-18-244-g001){#JDS-18-244-g001.tif}

In the coronal CBCT cross sections, the NPC anatomy was classified into three groups based on Bornstein *et al*.'s classification.\[[@ref24]\] This classification included type A with a single canal; type B with two parallel canals and type C which included variations of the Y-type of canal with one oral opening (incisive foramen) and two or more nasal openings (foramina of Stensen). ([Figures 2](#JDS-18-244-g002.tif){ref-type="fig"} and [3](#JDS-18-244-g003.tif){ref-type="fig"})

![Anatomic Classification of NPC morphology: A single canal (Type A), Two separate canals (Type B) and Y shape canals (Type C)](JDS-18-244-g002){#JDS-18-244-g002.tif}

![Example of various types of NPC morphology](JDS-18-244-g003){#JDS-18-244-g003.tif}

Statistical analysis {#sec2-1}
--------------------

Student's t-test and one-way ANOVA/Tukey HSD tests were used to compare the mean of dimensions between different groups of participants. Chi-square test was used to compare the frequency of canal shape between groups. Pearson's correlation coefficient was applied to assess the correlation between dimensions and age, SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was employed for data analysis. Results were considered significant at the *p*\< 0.05 level.

Results {#sec1-3}
=======

Considering the study criteria, from 430 cases who recruited in this cross sectional study, 301 cases were included. The age of patients ranged from 18 to74 years (34.56±11.87 years). 129 cases were excluded due to one of the following reasons: poor image quality and artifacts (17 cases); suspected NPC canal pathology (19 cases); missing or extracted central incisors (35 cases); implant placement and/or bone graft in the maxillary anterior region (27 cases); presence of orthodontics appliances and/or maxillary expander (31 cases).

The study comprised 140 males (48.5%) and 161 females (53.5%) with mean age of 33.32±12.42 and 33.08±12.80 respectively. Measured dimensional values in study sample were recorded in . [Table 1](#T1){ref-type="table"}

###### 

The description of measured dimensions

  Variable   Max     Min    Mean ±SD
  ---------- ------- ------ -------------
  K1 (mm)    10.00   0.3    3.17± 1.51
  K2 (mm)    6.00    1.00   3.17 ±1.014
  K3 (mm)    21.00   5.00   10.34± 2.74
  K4 (mm)    12.00   2.00   7.05±1.38
  K5 (mm)    14.00   1.00   8.49± 2.13

Type C was the most prevalent type of NPC among the study cases and Type B was the least frequent one (46.6% versus 10%). The frequencies and percentages of various NPC types according to gender are presented in [Table 2](#T2){ref-type="table"}. There was no statistically significant difference in canal type distribution according to the gender.

###### 

The frequencies and percentages of various nasopalatine canal types according to gender

  Gender   NPC Type                
  -------- ----------- ----------- -----------
  Male     63(45.0%)   10(7.1%)    67(47.9%)
  Female   68(42.2%)   20(12.4%)   73(45.3%)

Chi-Square test, *p* =0.41

The effect of the gender on measured dimensions was recorded on [Table 3](#T3){ref-type="table"}. All NPC diminution including the length and the diameter of both nasal and oral opening (K3, K2 and K1) were significantly greater among men. Buccal bone palate thicknesses at the front of oral opening of the canal (K4) of men were also significantly greater than that in women. ([Table 3](#T3){ref-type="table"})

###### 

Effect of the gender on measured dimensions in reformatted sagittal CBCT cross sections ( t-test)

              Dimensional Measurements Mean ±SD mm                                           
  ----------- -------------------------------------- ------------ ------------- ------------ -----------
  Male        3.39±1.55                              3.40 ±1.08   11.46± 2.86   7.36 ±1.45   8.45±2.24
  Female      2.98±1.45                              2.97±.91     9.37±2.24     6.78±1.27    8.52±2.03
  *p* Value   .020                                   .000         .000          .000         .790

NPC dimensions as well as width of the buccal bone over the oral and nasal opening in different types of canal are shown in [Table 4](#T4){ref-type="table"}. There were no statistically significant differences among various measured dimensions in different types of canal except for the diameter of nasal opening. Nasal opening of NPC in type B cases was significantly greater than type A. ( [Table 5](#T5){ref-type="table"})

###### 

Comparison of nasopalatine canal and buccal plate dimensions between different types of canal (ANOVA)

  Canal Types   Measurements (mm)                                                       
  ------------- ------------------- ---------------- ----------------- ---------------- ----------------
  A             2.92 ±1.27^A^       3.16± 0.93 ^A^   10.57± 2.92 ^A^   7.04± 1.41 ^A^   8.28± 2.32 ^A^
  B             3.87±2.10^B^        3.03 ±1.10 ^A^   10.43± 2.84 ^A^   7.43±1.63 ^A^    8.63± 1.96 ^A^
  C             3.25±1.52^AB^       3.21±1.08 ^A^    10.112±2.55 ^A^   6.98± 1.29 ^A^   8.64± 1.97 ^A^
  *p* Value     0.006               0.690            0.381             0.262            0.351

Mean values with at least one same letter in superscript were not statistically different (Tukey HSD test)

###### 

Correlation between measured dimensions and age

  Variable   r        *p* Value
  ---------- -------- ---------------------------------------
  K1         -0.021   0.705
  K2         0.138    0.01[\*](#t5f1){ref-type="table-fn"}
  K3         -0.062   0.266
  K4         -0.199   0.001[\*](#t5f1){ref-type="table-fn"}
  K5         0.053    0.24

Pearson correlation

The width of the buccal bone over the oral opening of NPC (7.05±1.38mm) decreased as the age increased and it showed significant negative correlation with age (r= -0.199, *p*= 0.001). The width of oral opening of NPC however (3.17±1.01mm), was positively correlated with the patients age and it significantly increased by aging. (r= 0.138, *p*= 0.01).

Discussion {#sec1-4}
==========

Maxillary anterior teeth are of outmost esthetic importance, especially upon smiling. Their angulations and location determine the midface profiles of the individual. These teeth are also responsible for incising. Unfortunately, they are most vulnerable teeth to trauma because of their exposed location. Since they are also thin planar teeth, considerable proportions of their structures can be damaged by caries in a short time or through iatrogenic assaults during dental treatments. All these may result in their loss prematurely. Currently, surgical implants are the broadest accepted method to rehabilitate tooth loss in anterior maxilla, but this procedure faces some anatomic limitations in the area. NPC can occupy up to 58% of buccal bone plate width, which should receive and support the implants.\[[@ref13]\] Adequate information about dimensions and 3-dimensional configuration of this canal is critically needed for comprehensive planning of an implant treatment in anterior maxilla. Incautious operations may damage the neurovascular content of NPC, resulting in anesthesia, hemorrhage, and failure of osseointegration. Three-dimensional CBCT imaging can reveal the anatomic characteristics and variation of NPC precisely.\[[@ref15],[@ref19],[@ref26]\]

CBCT imaging is increasingly applied for pre-implant radiographic evaluations. This technique of imaging is based on a cone-shaped x-ray source and a two dimensional detector, which preparing data in a single rotation around the patient head. Time and patient dose are considerably decreased comparing with conventional CT scans.\[[@ref26]-[@ref27]\] This study performed to search the normal metric values of NPC in an Iranian population using CBCT imaging. The mean lengths of NPC were 11.46 in males and 9.37 mm in females, showing a significant difference between genders. Avila *et al*., Güncü *et al*. and Safi *et al*. also reported comparable significant sexual differences.\[[@ref23],[@ref26],[@ref28]\] Acar and Kamburoğlu found the diameter of oral and nasal opening of NPC to be greater in men.\[[@ref13]\] Similarly, a significant difference was found between men and women in NPC anatomic diameters in present study. Regardless of the gender, Kajan *et al*.\[[@ref29]\] reported mean values for oral and nasal opening of NPC in an Iranian population to be about 3.53±1.01 and 3.7±2.3mm respectively. These quantities were 3.17±1.01 and 3.17±1.51 respectively in the present studies that are comparable since both studies are performed in approximately similar population. Acar and Kamburoğlu;\[[@ref13]\] however, reported slightly greater values for both opening diameter in a Turkish population. Further investigations are needed to evaluate how racial characteristics may play a role in anatomic varieties of NPC.

Recently Jia *et al*.\[[@ref30]\] evaluated the ridge configuration anterior to the NPC in dentate and partially edentulous individuals. According to the results of their study, the palatal concavity depth and angle were greater and bone height was shorter in partially edentulous patients.\[[@ref30]\] In the study of Al-Amer *et al*., for avoiding the possible negative effect on the morphology of the IC, the edentulous cases during CBCT assessment of maxillary incisive canal and foramen were excluded from the study sample.\[[@ref14]\]

Unlike Dalili *et al*.\[[@ref29]\] and Safi *et al*.\[[@ref23]\] studies, the presence of both maxillary central incisors were considered as the inclusion criteria in the present study. In accordance with Safi *et al*.\[[@ref23]\] findings, Y- shaped canals in coronal cross sections of the present study was also the most frequent configuration for NPC (type C=46.5%). It followed intimately by single canal (type A=43.5%). Two parallel canals (type B) comprised only 10% of cases. The sequence and percentages are closely similar with those reported by Bronstein *et al*.\[[@ref24]\] and Fernández-Alonso *et al*.,\[[@ref27]\] although different race were studied in their researches. This probably shows that canal shapes may not be affected by race.

Bronstein *et al*.\[[@ref24]\] and Fernández-Alonso *et al*.,\[[@ref27]\] reported that buccal bone plate is affected by gender, although the geometric characteristics of measurements were different between these studies. Our results in this regard were in accordance with their findings. Some studies evaluated the effect of presence or absence of maxillary anterior teeth on the width of buccal bone plate.\[[@ref13],[@ref24],[@ref27]\] They mentioned that missing of maxillary anterior teeth would result in dramatic decrease in buccal bone plate width. In present study, all measurements were performed on dentate upper jaws. Regarding the critical esthetic role of upper central incisors, most people prefer to benefit immediate implants for replacing these teeth.\[[@ref14]\] Therefore, there will be usually no time for bone resorption, and normal dentate relationships should be considered.

It is worthy of mention that, based on the present study, the buccal bone plate width in dentate individual decreases with age, resulting in accompanying increase in the diameter of NCP. It means that resorption occurs more significantly in the lingual side of alveolar bone regardless of the presence of teeth. Finally, there was no relationship between the values of measured dimensions and the types of canal morphology. It means that each morphological types of NPC can be observed in any individual regardless of the dimension of their mid face.

Conclusion {#sec1-5}
==========

NCP shows a large variety in morphology and dimensions. In studied population, Y-shape canals (type C) were the most prevalent form and two separated canals (type B) comprises the least cases. All NPC canal dimensions as well as the buccal bone plate over the oral opening of the canal are significantly higher in male individuals. Furthermore, buccal bone plate width reversely and NPC diameter directly are affected by age.
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